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Evaluation of interactions within a 
shelterbelt agroecosystem 
Abstract: Yield data for corn (eight years) and soybeans (six years) were collected and analyzed to 
 determine the impacts of a hybrid poplar shelterbelt on crop production on a central Iowa farm. 
Background 
Shelterbelts have been an important compo­
nent of world cropping systems for more than 
100 years. The primary function of a shelterbelt 
is to reduce wind speed and improve the mi­
croclimate for crop production. Shelterbelts 
also have been used to reduce wind and water 
erosion and the movement of fugitive pesti­
cides and fertilizer. They have the added ad­
vantages of creating wildlife habitat, increas­
ing populations of beneficial insects, and be­
ing esthetically pleasing. 
Of the 220 million acres under production in 
the North Central region of the United States, 
only about 7 million are protected by 
shelterbelts. There are relatively little data 
available on the growth and response of cur­
rent corn hybrids and soybean varieties when 
grown under shelterbelts in the eastern half of 
the Midwest. More information is needed on 
how the shelterbelt affects the development of 
agronomic crops. 
The objectives were to evaluate the effects of 
• corn and soybean development and yield 
as a function of shelterbelt parameters, 
• distance from the shelterbelt to the crop 
area, and 
• tree root pruning for three years. 
Approach and methods 
A north-oriented shelterbelt was established 
on the Linda and Dennis Morgan farm near 
Ogden in 1992. Four rows of hybrid poplars 
comprise the shelterbelt that is flanked on the 
east by 12 crop plots. The plots were divided 
into four blocks of three plots each. One plot in 
each group was planted to corn, another to 
soybeans, and the third to oats, with annual 
crop rotations taking place among the plots 
from 1992 through 1999. 
To evaluate the influence of competition be­
tween crops and trees, a permanent barrier was 
installed on two of the four blocks in 1994 to 
keep tree roots out of crop plots. Crop yield 
figures near the shelterbelt were compiled to 
determine if this management practice affects 
the competition between the trees and crops 
for below ground resources. 
In 1999, an array of anemometers (wind speed 
gauges) was set up in a line perpendicular to 
the shelterbelt to evaluate wind speed reduc­
tion on the windward and leeward sides of the 
shelterbelt. 
Results and discussion 
Soybean data from 1993 were of poor quality 
because of the excessive precipitation in the 
state, and 1999 data were not collected be­
cause of equipment problems. Considering 
the data that were compiled, the Morgan farm 
shelterbelt does not appear to have measurably 
influenced corn and soybean yields. In 1996, 
1997, and 1999, corn showed a modest indica­
tion of increased yield due to the shelterbelt, 
but in no years was there a measurable uptick 
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Figure 1. Layout of plots and blocks at shelterbelt at the Morgan farm. 
in soybean yield associated with the shelterbelt. certain years. (The reduced production near 
In general, there is no clear signal that yield the shelterbelt probably was caused by after-
was enhanced among the samples gathered noon shading from the trees.) The root barrier 
across plot for both crops, except for some- did not appear to affect crop yield, 
what reduced yields near the shelterbelts in 
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Use of the anemometers turned up some inter­
esting information. The pattern of percentage 
reduction around the shelterbelt is very differ­
ent from patterns predicted by the microme­
teorological model being used and from pub­
lished patterns. The difference is at least 
partially a result of the dead branches in the 
bottom six feet of all the trees, which resulted 
in a leafless lower portion of the shelterbelt. 
Because of this, the wind speeds up as it passes 
through the lower level of the shelterbelt with 
increased drying effects. 
Conclusions 
Using eight years of data (1992-1999 seasons) 
from the 400-ft. plots, it does not appear that 
the shelterbelt had much impact on corn and 
soybean yield. Additionally, the root barrier 
did not appear to improve yield. The lack of 
influence from the shelterbelt is likely due to 
the good to excessive precipitation received in 
these years, which reduced the potential value 
of the shelterbelt as a microclimate enhance­
ment. 
The poplar shelterbelt established at the Mor­
gan farm was not as effective as the usual 
coniferous type, but it has grown much faster 
than the traditional shelterbelts. From an eco­
nomic perspective, a fast-growing shelterbelt 
theoretically will improve the rate of return by 
starting to increase yields at an earlier point. 
Impact of results 
Although the results have not shown a signifi­
cant influence by the shelterbelt, the project 
has been a catalyst in the continued develop­
ment of a multi-institutional, interdisciplinary 
research team to model shelterbelt impacts. 
Scientists from Iowa State University, Univer­
sity of Nebraska, the Agrophysical Institute of 
St. Petersburg, Russia, and the USDA Forest 
Service Rocky Mountain Forest Experiment 
System have developed a Shelterbelt 
Agroforestry Modeling System (SAMS). The 
system simulates the growth and response of 
corn and soybeans grown under the influence 
of a shelterbelt. 
SAMS consists of three interconnected mod­
els: TREE, MICRO, and CROPS. TREE 
estimates the vertical distribution of the com­
bined surface area of the leaves, branches, and 
stem. The micrometeorological model (MI­
CRO) uses weather conditions at an unsheltered 
location together with the surface area distri­
bution from TREE to determine the complete 
microclimate at all sheltered locations for each 
hour of the growing season. CROPS predicts 
crop growth in response to environmental and 
management conditions. 
Based on the ability of SAMS to simulate a 
response to shelterbelts and the growing inter­
est of the research team, a three-year proposal 
was submitted to the agricultural systems area 
of the competitive grants program run by the 
National Research Initiative. The proposal 
was awarded $330,000 in late 1996 and will 
lead to development of the most advanced 
shelterbelt modeling system to date. 
Education and outreach 
Several field days were held in 1996 and 1997 
to showcase the shelterbelt work done on the 
Morgan Farm. The site also was a stop for 
tours on ISU Agronomy Day in September 
1997 and on an NRCS field day in 1998. In 
addition, the Morgans report that they have 
showed the shelterbelts to nearly 150 visitors. 
Presentations about the project were made at 
the Fifth Conference on Agroforestry in North 
America and at the Advanced Windbreak 
Workshop, University of Nebraska, Lincoln. 
Two Ph.D. dissertations and several popular 
press articles described this shelterbelt work. 
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